Objectives: To identify parental perceptions regarding vaccine safety and assess their relationship with the immunization status of children.
between the percentage of case and control parents expressing general vaccine safety (range, 53.5%-64.1%). However, case parents were more likely to have asked that their child not be vaccinated for reasons other than illness (range, 10.2%-13.7% vs range, 2.9%-5.3%, respectively) and to believe their children received too many vaccinations (range, 3.4%-7.6% vs range, 0.8%-1.0%, respectively). Among the case-control group receiving a measles-containing or measles-mumps-rubella vaccination, only a small percentage of parents knew about the alleged association between autism and measles-mumpsrubella vaccinations (8.2%), and case parents were more likely to believe it than control parents (4.4% vs 1.5%, respectively; 2 P =.04).
Conclusions: Despite belief in the importance of immunization by a vast majority of parents, the majority of parents had concerns regarding vaccine safety. Strategies to address important misperceptions about vaccine safety as well as additional research assessing vaccine safety are needed to ensure public confidence.
Arch Pediatr Adolesc Med. 2004; 158:569-575 M ANY VACCINE-PREVENTable diseases, such as diphtheria, tetanus, measles, mumps, rubella, and polio, are now rare in developed nations. However, with the near elimination of these infections, disease no longer serves as a reminder of the need for vaccines. 1 Instead, attention has been diverted to concern about adverse events related to vaccines, real or otherwise. 2 Today, when the topic of vaccines appears in the news, reports often focus on potential adverse events. For example, during the 1980s, whole-cell diphtheria and tetanus toxoids and pertussis vaccine (DTP) was associated with concern about sudden infant death syndrome and encephalopathy. 3 More recently, concerns have been raised about the possible association of the hepatitis B vaccine with multiple sclerosis, 4 and it has been hypothesized that the measlesmumps-rubella vaccine (MMR) is linked with autism. 5, 6 Although these hypotheses have not been substantiated, 7 they have affected vaccination coverage in other countries. In fact, in countries with active antivaccine movements, such as Australia, Great Britain, the former West Germany, and Japan, fear of these adverse events from vaccines has been associated with declines in vaccination coverage 8, 9 and has maybe even led to increases in measles 10 and B pertussis cases. 11 In the United States, studies presented at a recent meeting conducted by the Institute of Medicine conclude that there is not a causal association between MMR and autism. 12 This study assesses parental attitudes about vaccine safety and their potential relationship with the receipt of vaccines by children. Because of the publicity about hypothesized adverse events associated with the vaccines, measles-containing vaccine (MCV) or MMR, DTP or the diphtheria and tetanus toxoids with acellular pertussis (DTaP) vaccine, and hepatitis B vaccine were chosen for this analysis.
METHODS

STUDY DESIGN
The National Immunization Survey-Knowledge, Attitudes, and Practices (NIS-KAP) study sampled children from among those participating in the 2000-2001 National Immunization Survey (NIS) and contacted those households for a follow-up interview from January through December 2001. The NIS is a random-digit-dialing survey conducted quarterly that collects vaccination information from households and vaccine providers (which include pediatricians, family physicians, general practitioners, nurses, pediatric nurse practitioners, family nurse practitioners, physician assistants, or other practitioners) for children aged 19 to 35 months. 14 The NIS study population was stratified by physician-verified vaccination status for MCV/MMR, DTP/DTaP, and hepatitis B. The NIS-KAP study included 3 groups of cases selected by a computer-generated random selection technique from these strata to achieve similar numbers (in the United States) of cases (those not up-to-date for 1 or more of the specified vaccines) and 3 groups of controls (those up-to-date for all vaccines; Ն4 doses of DTP/DTaP, Ն3 doses of polio vaccine, Ն1 doses of MMR, Ն3 doses of Haemophilus influenzae type b vaccine, Ն3 doses of hepatitis B vaccine, and Ն1 doses of varicella vaccine.) The 3 case-control groups were not mutually exclusive, because some case children were included in more than 1 case group and some control children were included in more than 1 control group. This overlap limited the number of questions asked of each participant. One hundred sixty-one (10%) cases were in 1 group only, and none of the controls were in 1 group only. One interview was conducted for all questionnaires.
SURVEY INSTRUMENT
The survey consisted of a core module for all respondents and 3 vaccine-specific modules. The core module included questions regarding concerns about vaccine safety in general; whether the parent had refused any vaccinations, and if so, reasons for refusing vaccinations, as well as which vaccines were refused; and if any of the respondents' children had a side effect or a reaction to an immunization, what actions were taken. The vaccinespecific modules were used to interview parents of control children and case children who were missing specified vaccinations. For example, if a child never received MCV/MMR, the parent was administered the MCV-specific questionnaire, which included questions such as "Have you heard (ie, aware) that the MCV/MMR shot caused side effects?" and "Are you concerned (ie, worried or alarmed) about the MCV/MMR shot's safety?" Parents who responded that they had heard about side effects associated with the vaccine were asked an open-ended question to specify their concerns. Each question was asked in reference to the index child unless specifically stated otherwise.
STATISTICAL ANALYSIS
Responses were analyzed separately for each case-control group. Data were weighted to adjust for the study design to make results generalizable to US children aged 19 to 35 months, using SUDAAN, release 7.5.6 (Research Triangle Institute, Research Triangle Park, NC). Statistical methods that adjust for vaccine providers' nonresponse bias were applied. 15 Data were not collected on parental nonrespondents. Some variables (eg, importance of immunizations, parental concern about vaccine safety) were collected on an 11-point Likert scale. These variables were recoded as low, 0 to 3; medium, 4 to 7; and high, 8 to 10. The potential associations between select characteristics and whether the child was vaccinated were examined for each group of cases and controls using a 2 test of association as well as logistic regression to determine odds ratios and confidence intervals (CIs). Independent variables included sociodemographic characteristics of the child and parents; if the parent had heard that certain vaccines caused side effects and what they heard; concern about vaccine safety; reasons, if any, for refusing vaccinations as well as which vaccines were refused; if the study child ever had a side effect from a vaccination; if any member of the household suffered from rheumatoid arthritis, autism, autoimmune disease, or multiple sclerosis; and if the respondent had a new baby, would the baby be immunized. Odds ratios were adjusted for race/ethnicity, firstborn status, child's age, and family income. Other variables such as mother's education, mother's age, and respondent's marital status were considered but because of the high multicollinearity among those variables, they were not included.
We considered presenting attributable risk analysis because it would be helpful in understanding what fraction of underimmunization is due to safety concerns. However, the complicated nature of the study design is such that a substantial portion of the children in the 19-to 35-month-old population could neither be cases nor controls. Thus describing the population represented would be very difficult to interpret, rendering this type of analysis unconstructive.
Details about the design of this study have been previously published. 16 Because study participants were chosen from the NIS, which is a random-digit-dialing survey, inherent potential problems with random-digit-dialing are addressed. Failure to adequately account for households without telephones may have yielded estimates of health outcomes that are misleading, particularly in states with at least moderate telephone noncoverage. However, the dynamic nature of the population of households without telephones offers a way of accounting for such households in telephone surveys. At any given time the population of telephone households includes households that have had a break or interruption in telephone services. Empirical results strongly suggest that these households are very similar to households that have never had telephone service. Thus, sampled households that report having had an interruption in telephone service may be used to represent the portion of the population that has never had telephone service. This strategy can lead to a reduction in non-coverage bias in random-digit dialing surveys.
(p1611)
The NIS applies this methodology.
RESULTS
RESPONSE RATE
Four thousand four hundred forty households were contacted; of these, 2315 completed the survey (response rate, 52.1%). Of these, 1016 were cases and 1299 were controls. Twelve children were excluded from analysis because their physicians verified additional immunizations after the selection process that included an incorrect original classification.
STUDY POPULATION
Demographic characteristics were generally similar among the 3 case-control groups (Table 1) . Overall, case mothers tended to have a lower level of education than control parents in all groups, and the difference was statistically significant for the hepatitis B group. Additionally, case mothers tended to be younger (aged 20-29 years) than control mothers (aged Ն30 years); this difference was statistically significant for the MCV/MMR group. Case families generally had a lower annual income (Ͻ$20,000) than control families (Ն$50,000), with a statistically significant difference among the MCV/MMR and hepatitis B groups. The proportion of minority children varied among the 3 case-control groups. Compared with controls, African American individuals were more likely to be cases (17.7% vs 12.6%), whereas Hispanic individuals were less likely to be cases (22.1% vs 27.6%) in the MCV group. For the hepatitis B group, Hispanic individuals were more likely to be cases. Less than 6% of respondents in any group reported a household member suffering from rheumatoid arthritis, autism, autoimmune disease, or multiple sclerosis.
PARENTAL BELIEFS AND PRACTICES ASSOCIATED WITH VACCINATIONS
Among all 3 case-control groups, the vast majority of respondents (Ͼ90%) in all groups believed vaccinations are important, and there was no significant difference between case and control parents. More than half of all case and control parents reported they had expressed concern to their children's physicians about the safety of immunizations, and the differences between case and control parents were not statistically significant ( for their child for a reason other than illness. No significant difference between case and control parents was found in any of the groups among those who had rejected the vaccine specific to their group and those who did not. Case parents in all groups were significantly less likely to report if they had another baby today, they would want the child to get all the recommended immunizations than were control parents (PϽ.01).
To assess association between race/ethnicity and vaccine safety concerns, we stratified by race (controlling for potential confounders) and found no statistically significant association with immunization status in any of the groups.
PARENTAL CONCERNS AND BELIEFS ABOUT POTENTIAL SIDE EFFECTS ASSOCIATED WITH VACCINES
Nearly half of all case and control parents reported hearing that the respective vaccine caused side effects, and the difference between case and control parents was not significant among any of the groups ( Table 3) . Fever was frequently reported as a side effect by all groups among parents who heard the vaccine caused side effects. For the MCV/MMR group, differences existed regarding the association between vaccination and autism. More parents of case children (weighted, 5.5% ) in the MCV/MMR group reported hearing of an association between autism and vaccination than control parents (weighted, 2.7%). Parents of case children were significantly more likely to believe there was an association between autism and vaccination (PϽ.04).
REASONS PARENTS HAD FOR REFUSING VACCINATION
Among the parents who asked that their child not be vaccinated, beliefs and reasons for refusing vaccination differed between case and control parents (Table 3) . For MCV/MMR (weighted, 6.7% of cases vs 2.2% of controls) and hepatitis B (weighted, 8.2% of cases vs 1.5% of controls), case parents were significantly more likely to have asked that their child not be vaccinated because of concerns about side effects. Among all groups (MCV/MMR, weighted, 3.4% of cases vs 1.0% of controls; DTP/DTaP, weighted, 3.7% of cases vs 0.9% of controls; hepatitis B, weighted, 7.6% of cases vs 0.8% of controls), case parents perceived that their child was receiving too many shots more frequently than control parents (MCV, P=.03; DTP/DTaP, P = .05; hepatitis B, PϽ.001).
COMMENT
The vast majority of parents in our study believed immunizations were important to their child's health, but a considerable proportion also had concerns regarding vaccine safety in general. Although general concerns about vaccine safety were not significantly different between case and control parents, a significant difference in vaccination coverage was found between those who had specific concerns regarding side effects (notably the belief that autism was associated with vaccination) and receiving too many shots, as opposed to those who did not. Similar to previous studies, [18] [19] [20] our results confirm that children of parents with low socioeconomic status (lower level of education, lower annual income, etc) or who belong to a racial/ethnic minority were less likely to be up-to-date with MCV and hepatitis B vaccination. However, no statistically significant association between immunization status and vaccine safety concerns was found between the different race/ethnicity groups in any of the case-control groups.
A number of reasons may exist for continued acceptance of vaccination despite possible safety concerns. These include the parents' beliefs regarding the benefits of vaccination, 1 compliance with social norms, 21 and the impact of school entry laws. 22 Widespread concerns about vaccine safety, however, can pose a risk to maintaining high coverage, especially as the incidence of vaccine-preventable diseases decrease. Overall, more respondents reported they had expressed concerns to their children's physician about vaccine safety than had reported hearing of side effects. This suggests that some parents are generally concerned without being concerned about any specific side effect. In response to an open-ended question, parents reported hearing of many different side effects but no specific side effect was reported by more than 10% of respondents in any of the 3 groups. This finding is consistent with general concerns about immunization and suggests a need for health care professionals to discuss vaccine safety in general as well as to be able to respond to specific concerns. Equal proportions of both case and control parents reported hearing of minor side effects associated with vaccines, whereas case parents were more likely to report hearing of serious side effects. For example, equal proportions of both case and control parents reported fever as a side effect of vaccination, and the absence of a significant difference between groups indicates that this did not affect vaccination behaviors. By contrast, parents of children missing MCV/MMR were significantly more likely to report having the belief that vaccination causes autism. This relationship-despite the lack of scientific evidence that MMR and autism are related 6, 12 -likely reflects greater parental concern about this severe and chronic illness. In the United Kingdom, where the controversy has been widely publicized, MMR coverage rates have fallen from 92% to 88%, overall, and are down to 65% in some areas. 23 While MMR vaccination rates in the United States remain high, the perception of a link between MMR and autism, against a background of general concern about vaccine safety, might lead to decreased coverage and jeopardize the elimination of endogenous spread of measles in this country.
Another frequently reported reason in all groups for not having a child vaccinated was the belief that children receive too many vaccinations (range, 3.4%-7.6% of case parents). Currently, children receive approximately 20 vaccinations within the first 2 years of life, an increase of 25% from 5 years ago. For a parent who has not seen a vaccine-preventable childhood disease, the reason for all of these vaccinations may not be clear. A national survey of parental attitudes found that 25% of respondents believed the immune system becomes weak from too many immunizations, and 23% of respondents believed that children get more shots than are good for them. 1 This perception of too many vaccinations may be partially alleviated by the use of combination vaccines. As more vaccines are developed and recommended for routine childhood vaccination, this issue may become even more important for health care professionals to convey to their patients.
Parents' risk-benefit perceptions regarding vaccination are influenced not only by concern about adverse events but also by beliefs regarding the benefits of vaccines. Although a small proportion of parents believed hepatitis B is not a serious disease, case parents were significantly more likely to believe it. This finding supports the need for better education about the risk and severity of vaccine-preventable diseases as part of a presentation of vaccine benefits. Health care professionals have been reported to be the primary source of immunization information, 7 putting them in a unique position to talk with parents about their vaccine safety concerns and specific hypothesized associations between vaccines and side effects. Educational materials to assist health care professionals in effectively communicating the risks and benefits of vaccinations as well as explain the hypothesized associations will help them fulfill the important role of educating parents.
The primary limitation of our study was that respondents with 19 to 35-month-old children were asked to answer questions according to their perceptions at the time their children were immunized but the concerns mentioned might have come about later. In addition, case parents might have felt more comfortable stating they had safety concerns rather than other reasons (eg, inconvenience) for not having their child vaccinated. Another potential limitation is that we could not account for the possible effect health care professionals' services or missed opportunities might have had on immunization status. Hence, our case definition was broad and included both those children not up-to-date for safety reasons and other reasons.
This study has substantial additional contributions to the literature. The ability to link parental attitudes and beliefs with physician-verified vaccination status at a national level helps give direction for the continuation of high vaccination coverage, promotion of public health, and potential research questions. First, more than 90% of parents of both case and control children believe immunizations are important to the health of a child. However, for a small proportion of children, parental vaccine safety concerns and the belief that children receive too many vaccines were associated with the failure to receive MCV/MMR, DTP/DTaP, and hepatitis B vaccines. In addition, even parents whose children were up-todate for their vaccinations were concerned about vaccine safety issues. Public health communication experts and vaccine providers should consider developing new approaches to ensure immunization facts and messages are reaching and being accepted by parents. In light of our findings, research designed to determine the reasons parents have their children vaccinated despite safety concerns would be beneficial in helping health care professionals in educational efforts. Finally, research to assess the safety of vaccines should continue so that information is available to address potential concerns to the best possible extent.
